ABSTRACT. We analyzed the polymorphisms TFAM HaeIII, TFAM MboI and FABP4 MspA1I in three Nellore lines selected for growth in order to evaluate how selection affects the frequencies of these polymorphisms and evaluate their association with growth and carcass traits in Zebu cattle. Birth, weaning and yearling weights, rump height, longissimus muscle area, backfat thickness, and rump fat thickness were analyzed. The sample was constituted of animals from two lines selected for yearling weight (NeS and NeT), and a control line (NeC), established in 1980, at the São Paulo Instituto de Zootecnia. Two hundred and seventy-two heifers were genotyped for TFAM gene SNPs, and 325 heifers were genotyped for the FABP4 SNP. High frequencies were observed for the alleles A (TFAM HaeIII), C (TFAM MboI) and C (FABP4 MspA1I). Significant differences in allele frequencies between NeS and NeT were observed for the TFAM HaeIII, and between the line NeT and lines NeC and NeS for the FABP4 MspA1I SNP. Five haplotypes were observed for the two polymorphisms in the TFAM gene, haplotype AACC being the most frequent. None of the markers 2051 ©FUNPEC-RP www.funpecrp.com.br Genetics and Molecular Research 9 (4): 2050-2059 (2010) TFAM and FABP4 SNPs in Nellore cattle evaluated separately or according to haplotype was significantly associated with the growth and carcass traits. The low frequencies of alleles that are associated with high marbling scores and thick subcutaneous fat in taurine breeds might explain the low means for these traits in Nellore cattle.
INTRODUCTION
A selection experiment involving Zebu Nellore cattle was initiated in 1976 at the Estação Experimental de Zootecnia de Sertãozinho (São Paulo, Brazil) in order to determine the response of this breed to selection for body weight; the few published selection experiments carried out worldwide have used taurine breeds (Newman et al., 1973; Koch et al., 1994; Parnell et al., 1997) . In 1980, three selection lines were created with these Nellore cattle. For the control line (NeC), animals with differentials of zero or close to zero for yearling weight (stabilizing selection) were selected. The selection line (NeS) and traditional line (NeT) were selected animals with higher selection differentials for yearling weight (directional selection). The NeC and NeS lines were closed lines; the NeT line differed from the NeS line by sometimes receiving bulls from other herds, including commercial herds. The current performance of the NeC line is considered to be representative of the performance of the population existing in the 1970s.
Selection for growth traits may affect the frequencies of many genes involved in the expression of these traits. In this regard, the three herds provide a great opportunity to identify the regions of the genome that are altered by selection, providing information about genotypephenotype associations and allowing the identification of quantitative trait loci (QTLs) for productive traits.
Mitochondrial transcription factor A (TFAM), also known as mtTFA, mtTF1, TCF-6, or TCF6L2, is a nuclear transcription activator that is necessary for the initiation of transcription and replication of mtDNA in mammals and is associated with mitochondrial biogenesis (Clayton, 2000; Amaral et al., 2007) . In cattle, Jiang et al. (2005) , studying a Wagyu x Limousin cross (Bos primigenius taurus), found two single-nucleotide polymorphisms (SNPs) in the promoter region of the TFAM gene. The first SNP, an A/C transversion (TFAM HaeIII), was located at position -1220 of the TFAM gene, only 9 bp from the second SNP, a C/T transition (TFAM MboI) at position -1212. Both polymorphisms and their haplotypes were found to be associated with marbling (P = 0.0153 for A/C, P = 0.0026 for C/T, and P = 0.0004 for haplotype) and subcutaneous fat depth (SFD) (P = 0.0200 for A/C, P = 0.0039 for C/T, and P = 0.0029 for haplotype).
Fat acid binding protein 4 (FABP4) plays a role in lipid hydrolysis and intracellular fatty acid trafficking by interacting with and binding to hormone-sensitive lipase, the main enzyme involved in lipid catabolism (Shen et al., 1999; Tansey et al., 2003) . Michal et al. (2006) , studying Korean breeds and a Wagyu x Limousin F2 cross, identified an SNP in the FABP4 gene (FABP4 MspA1I) that was associated with carcass traits, affecting marbling score (P = 0.0398) and SFD (P = 0.0246).
Although the association of these gene polymorphisms with carcass traits has been studied in B. p. taurus cattle (Jiang et al., 2005; Michal et al., 2006) , their association with growth and carcass traits in Nellore cattle (B. p. indicus) has not been established. Therefore, our objective was to identify these gene polymorphisms in B. p. indicus animals in order to determine how selection for growth affects the frequencies of these polymorphisms, and to evaluate their association with growth and carcass traits based on information obtained from the Breeding Program of the Instituto de Zootecnia, São Paulo, Brazil.
MATERIAL AND METHODS

Animals
The experiments were carried out in accordance with humane animal care and handling procedures, according to the guidelines of the State of São Paulo in Brazil (law No. 11.977) . Heifers born between 2003 and 2005, belonging to three Nellore lines from the Centro de Pesquisa em Pecuária de Corte, a research unit of the Instituto de Zootecnia, in the northern region of the State of São Paulo, were used. These animals are part of the breeding program initiated in 1978 and have been divided into three herds since 1980: NeS, NeT and NeC. In the NeS and NeT lines, males are selected for higher standard weight at 378 days of age (W378) after performance testing in feedlots, and females are selected for standard weight at 550 days of age (W550) on pasture. In the NeC line, animals are selected based on W378 and W550 close to the average (stabilizing selection). The NeC and NeS herds are closed lines, whereas the NeT line differs from the NeS line by occasionally receiving bulls from other herds, including commercial herds. The mean breeding values for yearling weight of animals born over the last four years (2004 to 2007), corresponding to 5.5 generations of selection for growth, are 0.2, 49.5 and 55.3 kg for the NeC, NeS and NeT lines, respectively (Razook and Mercadante, 2007) .
For the SNPs of the TFAM gene, 272 heifers were genotyped, including 42 from the NeC herd, 93 from the NeS herd and 137 from the NeT herd. For the FABP4 gene, 325 heifers were genotyped, including 40 from the NeC herd, 112 from the NeS herd and 173 from the NeT herd.
Traits studied
Birth weight, weaning weight (standardized at 210 days of age, W210) and yearling weight (standardized at 550 days of age, W550) are obtained as part of the breeding program. Yearling rump height (H550) is measured at the time of recording the weight at 550 days.
Ultrasound records were obtained at an average of 22 ± 2.5 months of age. Crosssectional ultrasound images obtained from the region between the 12th and 13th rib on the longissimus dorsi muscle were used for the measurement of backfat thickness (BF) and longissimus muscle area (LMA). Rump fat thickness (RF) was measured between the hood and pin bones over the intersection between the gluteus medius and biceps femoris muscles. Two ultrasound systems were used: Aloka 500V (Corometrics Medical Systems, Inc., Wallingford, CT, USA) equipped with a linear 3.5-MHz transducer (depth: 17.5 cm; Aloka Co. Ltd., Tokyo, Japan), and Pie Medical 401347 -Aquila (Esaote Europe B.V., Maastricht, The Netherlands) equipped with a linear 3.5-MHz transducer (depth: 18 cm). Vegetable oil and a standoff pad were used for image acquisition to guarantee acoustic contact between the linear transducer and the body of the animal. The images were saved and then interpreted using the Echo Image Viewer 1.0 software (Pie Medical Equipment B.V. Maastricht, The Netherlands).
Genotyping
Blood samples (5 mL) were collected from each animal by puncture of the jugular vein into Vacutainer tubes containing 7.5 mg EDTA. Genomic DNA was extracted according to the protocol of Zadworny and Kuhnlein (1990) .
The primers used for amplification of the promoter region of the TFAM gene were based on the primer sequence described by Jiang et al. (2005) . The primer sequences described by Michal et al. (2006) were used for amplification of the FABP4 gene. The amplification reactions were carried out in a final volume of 25 µL, containing 100 ng DNA, 15 pM of each primer, 1X PCR buffer, 1.5 mM MgCl 2 , 100 mM dNTPs, and 1 U Taq DNA polymerase (Fermentas International, Inc., Burlington, Ontario, Canada). Polymerase chain reaction (PCR) was carried out in a Biometra T thermocycler (Biometra Biomedizinische Analytik GmbH, Goettingen, Germany). An annealing temperature of 55.7°C was used for the TFAM gene and of 62.5°C for the FABP4 gene. The restriction enzymes HaeIII and MboI (Fermentas International, Inc.) were used for the detection of SNPs in the TFAM gene fragment, whereas MspA1I (New England Biolabs, Inc., Ipswich, MA, USA) was used for the FABP4 SNP. For enzymatic digestion, 5 µL PCR product was mixed with 1X reaction buffer and 0.5 U enzyme in a final reaction volume of 15 µL. The digestion products of the TFAM gene were separated by electrophoresis (100 V for 2 h) on 4% agarose gel stained with ethidium bromide. A 2% agarose gel was used for separation of the digestion products of the FABP4 gene. The fragments were visualized under an ultraviolet transilluminator and photographed using the Kodak Gel-Logic 100 imaging system. The length of the resulting fragments was determined with the Kodak Molecular Imaging software, using a 100-bp DNA ladder as a molecular standard (Invitrogen, Carlsbad, CA, USA).
Statistical analysis
The Fisher exact test was applied to compare gene frequencies between the three selection lines using the population differentiation module of the Genepop program, version 3.4 (http://genepop.curtin.edu.au/). A P value ≤0.05 was considered to be significant.
The association between the polymorphisms and traits was analyzed using the PROC MIXED procedure of the SAS/STAT 9.1.3 program (SAS Institute, Inc., Cary, NC, USA). The model included genotype marker (TFAM HaeIII, TFAM MboI, and FABP4 MspA1I) , contemporary group (birth year x line, 1, ..., 9) and month of birth (September, October, November) as classificatory effects, dam's age and age at recording (only for H550 and the carcass measures LMA, BF and RF) as linear covariates, and random effect of sire (1, ..., 41).
Additive and dominance effects were tested when a genotype marker presented a value close to significance (P < 0.05) for a given trait. The additive covariates were 0, 1 and 2 in order to take into account the number of allele variants for TFAM HaeIII (AA, AC, CC), TFAM MboI (CC, CT, TT) and FABP4 MspA1I (CC, CG, GG) according to Esmailizadeh et al. (2008) . In the dominance test, another covariate was added (value of 0 for homozygotes and value of 1 for heterozygotes) and a significant result for this covariate was interpreted as evidence of a dominance effect.
RESULTS
The means and standard deviations obtained for each trait in the sample genotyped for FABP4 polymorphism, according to selection line, are shown in Table 1 . In general, the NeS and NeT selection lines presented higher means for all traits, except for BF and RF. Table 1 . Least square means (standard error) of the traits analyzed in 325 animals of the three Nellore selection lines genotyped for FABP4 polymorphism. NeC = control line; NeS = selection line; NeT = traditional line; BW = birth weight; W210, W550 = weight at 210 and 550 days of age; H550 = rump height; LMA = longissimus muscle area; BF = backfat thickness, RF: rump fat thickness. Values followed by different letters in the same row differ significantly (P < 0.01). The length of the TFAM gene fragment amplified by PCR was 801 bp and that of the Alleles A, C and C of the TFAM HaeIII, TFAM MboI and FABP4 MspA1I markers, respectively, were the most frequent in all selection lines, with a frequency higher than 0.84. The TFAM HaeIII and FABP4 MspA1I markers presented greater heterozygosity in the NeC and NeS lines. Greater heterozygosity of the TFAM MboI marker was observed in the lines selected for higher weight (NeS and NeT; Table 2 ). Only five haplotypes of the TFAM promoter polymorphisms were observed in the Nellore breed, with haplotype AACC being the most frequent in all selection lines, followed by haplotype ACCC. The greatest haplotype diversity was observed in the NeS line, which presented the five haplotypes detected in this study. The least frequent haplotypes were ACCT and CCCC ( None of the markers evaluated separately or according to haplotype exerted significant effects on the growth and carcass traits studied. A marker presenting an effect close to significance was TFAM HaeIII on LMA, with animals with genotype AA showing a higher mean for this trait, followed by AC and CC animals ( Table 5 ). Analysis of additive effects indicated that allele A is associated with an increase of 4.1 ± 1.9 cm 2 in LMA (P = 0.03). The dominance effect of allele A was 3.9 ± 2.0 (P = 0.06). However, these estimates are of low accuracy because of the small number of animals with genotype CC in the population. Nominal P values, least square means and standard errors obtained for the effects of the haplotypes of the TFAM gene SNPs are shown in Table 6 . 
DISCUSSION
In this study, we identified the TFAM gene polymorphisms described by Jiang et al. (2005) in three Nellore (B. p. indicus) lines selected for growth, with a predominance of alleles A and C of the TFAM HaeIII and TFAM MboI SNPs, respectively.
Allele A of the TFAM HaeIII presented a frequency of 0.90 in line NeC, 0.84 in line NeS, and 0.94 in line NeT. For the TFAM MboI SNP, allele C presented a frequency of 1.0 in line NeC, 0.96 in line NeS, and 0.98 in line NeT. Thus, the frequency of allele C of the TFAM HaeIII SNP and the frequency of allele T of the TFAM MboI SNP do not overcome 0.16. In a study involving a commercial Nellore line, higher frequencies of alleles A and C were also observed for the TFAM HaeIII and TFAM MboI SNPs, with a frequency of alleles A and C of 0.87 and 0.94, respectively (Rezende et al., 2008) . In a Wagyu x Limousin (B. p. taurus) cross, the differences between the frequencies of the alleles were smaller. Allele C of TFAM HaeIII had a frequency of 0.56, and allele C of TFAM MboI SNP had a frequency of 0.61 (Jiang et al., 2005) . These differences between the frequencies of the alleles in both TFAM SNPs suggest that the mutation that gave origin to these polymorphisms is exclusive to B. p. taurus and may have occurred after the separation of B. p. taurus and B. p. indicus. The identification of different alleles in Nellore may be due to the presence of animals with some level of hybridization (B. p. taurus x B. p. indicus) .
Despite the apparently strong linkage disequilibrium, the TFAM gene polymorphisms resulted in five haplotypes in Wagyu x Limousin crosses, including haplotype CCCC with a frequency of 0.31, CACT with a frequency of 0.45, AATT with a frequency of 0.14, AACT with a frequency of 0.05, and CACC with a frequency of 0.03 (Jiang et al., 2005) . A predominance of haplotype AACC, which had not been described in cattle before, and haplotype CACC, which is less frequent in the Wagyu x Limousin cross, was observed in Nellore cattle. Haplotype AATT, described in a Wagyu x Limousin line, was not detected in Nellore cattle.
The significant differences in the allele frequencies of the TFAM HaeIII SNP between the NeS and NeT lines may be explained by the nature of the NeS line, which, because it is a closed line, theoretically possesses the same genetic composition as the original herd from 1978, considering the lack of gene flow from other herds. The higher frequency of allele T of the TFAM MboI SNP in the lines selected for higher growth differentials (NeS and NeT) and the fixation of allele C in the NeC line may reflect the differential that this allele provides during growth selection. However, the Fisher exact test showed that this difference was not significant and statistical analysis revealed no association between the polymorphism and growth traits. Thus, the frequencies of this SNP might be under the effect of genetic drift and the lack of allele T in the NeC line might be due to the smaller number of animals and a greater effect of genetic drift on this line.
The higher diversity of haplotypes in line NeS also may be explained by the lower influence of the genetic drift in this closed line, which have more animals than the NeC line. Thus, line NeS have more haplotypes of B. p. taurus than line NeT and a smaller effect of genetic drift than line NeC, which lost some haplotypes. Jiang et al. (2005) , studying a Wagyu x Limousin line, demonstrated that two polymorphisms and haplotypes were associated with greater SFD and marbling. Genotype CC of the TFAM HaeIII SNP and genotype CC of the TFAM MboI SNP, as well as haplotype CCCC, were associated with higher means for both traits.
In a Nellore commercial line, Rezende et al. (2008) found associations between the TFAM MboI SNP and RF, but in contrast with Jiang et al. (2005) , TT animals had the highest mean for this trait, followed by CT animals. As in our study, Rezende et al. (2008) found a value close to significance between the TFAM HaeIII SNP and LMA. Thus, the predominance of allele A of the TFAM HaeIII SNP and of haplotype AACC in Nellore animals may explain the tendency of this breed to deposit less subcutaneous fat, and present a lower marbling score when compared to most taurine breeds (Cundiff, 2004) ; it may also explain the borderline significant value obtained for LMA, since there is evidence of a negative correlation between LMA and BF (Cyrillo et al., 2005) .
In fact, both SNPs in the TFAM gene promoter, jointly or separately, lead to gain/ loss of six putative-binding sites for transcription factors relevant to fat deposition and energy metabolism. Among the sites are: 1) tal-1a/ E47heterodimer; 2) heterodimers of the bHLH transcription factors HAND2 (Thing2) and E12; 3) zinc finger protein RP58 (ZNF238), which is associated preferentially with heterochromatin; 4) transcription factor cAMP-response element-binding protein (CREB), which may induce or block adipocyte differentiation (Reusch and Klemm, 2002) ; 5) nuclear factor 1, which is essential for the expression of stearoyl-CoA desaturase 1 gene during preadipocyte differentiation (Singh and Ntambi, 1998) , and 6) the RAR-related orphan receptor a1, or RORa1, which forms a part of the multifactorial regulatory mechanisms that control expression of the PPARγ gene, which has a central role in promoting and maintaining the adipocyte phenotype (Sundvold and Lien, 2001) .
We observed the FABP4 MspA1I polymorphism in the three Nellore lines selected for growth and a predominance of allele C (Michal et al., 2006) . Rezende et al. (2008) , studying the same FABP4 SNP in a commercial Nellore line, also found a higher frequency of allele C (0.99). Allele C is also the most frequent allele in the Wagyu x Limousin cross, but the difference between allele frequencies is smaller than that observed in Nellore animals. In a Wagyu x Limousin line, the frequency of allele G was found to be 0.25, whereas that of allele C was 0.75 (Michal et al., 2006) . Similar to the TFAM gene, the low frequencies of allele G observed in Nellore animals suggest that the mutation that gave origin to this polymorphism is also exclusive to B. p. taurus and may have occurred after the separation of B. p. taurus and B. p. indicus. The significant differences in the allele frequencies of the FABP4 MspA1I SNP between the closed lines (NeC and NeS) and the open line (NeT) also support the idea that this polymorphism is exclusive to B. p. taurus. Since no gene flow occurs between the NeC and NeS lines and other herds, the G allele is maintained more easily in these lines when compared to the NeT line and the commercial line studied by Rezende et al. (2008) .
In a Wagyu x Limousin line, the presence of allele G of the FABP4 gene is associated with higher means for marbling and SFD. With respect to the latter trait, the highest mean was observed for the heterozygous CG genotype (Michal et al., 2006) . The association of this SNP with carcass traits and the frequencies of its alleles in the Wagyu x Limousin line suggest that this polymorphism is a promising marker for marker-assisted selection. However, the same does not apply to the Nellore cattle in our study, which presented a very low frequency of allele G; we could not establish a relationship of this allele with economic traits. Nevertheless, the low frequency of allele G of the FABP4 MspA1I SNP in Nellore cattle is compatible with the low marbling scores and BF observed in this breed.
In conclusion, the samples of Nellore cattle studied for these polymorphisms showed that this breed is characterized by higher frequencies of alleles A (TFAM HaeIII), C (TFAM MboI) and C (FABP4 MspA1I). The low frequencies of the other alleles probably mean that these polymorphisms are exclusive to B. p. taurus. Although the effects of these markers in Zebu cattle could not be established, probably because of the distribution of the alleles, the low frequencies of alleles that are associated with higher marbling scores and higher BF in B. p. taurus are compatible with the low means observed for these traits in Nellore animals.
